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ABSTRACT 

Observations at 70 /jm with the Spitzer Space Telescope have detected several stellar systems within 
65 pc of the Sun. Of 18 presumably young systems detected in this study, as many as 15 have 70 /im 
emission in excess of that expected from their stellar photospheres. Five of the systems with excesses 
are members of the Tucanae Association. The 70 /im excesses range from a factor of ^2 to nearly 
30 times the expected photospheric emission from these stars. In contrast to the 70 /im properties 
of these systems, there is evidence for an emission excess at 24 /im for only HD 3003, confirming 
previous results for this star. The lack of a strong 24 /im excess in most of these systems suggests 
that the circumstellar dust producing the IR excesses is relatively cool (T<j U st ^ 150 K) and that there 
is little IR-emitting material within the inner few AU of the primary stars. Many of these systems lie 
close enough to Earth that the distribution of the dust producing the IR excesses might be imaged in 
scattered light at optical and near-IR wavelengths. 

Subject headings: infrared: stars — circumstellar matter — planetary systems: formation 



> 

co 

CO 

in 
o 
\o 
o 

6 
to 

C3 



1. INTRODUCTION 

One of the major scienti fic objectives o f the Spitzer 
Space Telescope (Spitzer; I Werner et al.l 120041) is to 
identify and characterize circumstellar dust around 
a broad range of stars, both in spectral type and 
age. In this regard, the unprecedented sensitivity 
and spatial resolution of Spitzer has proved to be a 
dramatically successful tool in the infrared study of 
planetary debris 



/stems (see, e.g., iMever et all 
iGorlova et alJl2004t I.Tura et alJ 



2004; 



2004; 



Uchid a et al.H2 

Staoelfeldt et all 120041: iSloan et all 120041: iRieke et, al l 
" 20051 iBeichman et all l2005at IBeichman et alJ 12 005' 



Che n et alJ 12 005: 
Stauffer et all 2005 



hi^^y_|2 



lLow et al 



Kim et al. 



Brvden et aTl2 006: Hin es et alJ2 006). These early inves- 



tigations using data from Spitzer have generally shown 
that "warm" material resulting in a strong signature at 
24 /im, indicating the presence of dust within the region 
where terrestrial planet formation can take place, is quite 
rare for stars over ~10 million years (Myr) old. Also, 
the frequency of finding colder material around stars of 
any age is higher than finding dust that gives rise to an 
emission excess at 24 /im. For instance, a study of the 
TW Hya Association (TWA) bv lLow et all |2Ti05h found 
that only one of 15 objects not previously detected by the 
Infrared Astronomical Satellite (IRAS), TWA 7, shows 
evidence for excess emission at 24 /im. However, based 
on the 70 /im flux density measurement of TWA 7, the 
24 /im excess is consistent with emission from dust at 
T = 80 K located at least ~7 AU from the star. 

The mixture of objects within the TWA having little 
or no 24 /tm excess, with a few objects (e.g., TW Hya 
and HD 98800B) of the same age having among the 
strongest warm excesses observed, is a powerful exam- 
ple of how rapidly dust within ~5-10 AU of the stellar 
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primary can be removed from these systems. Given that 
the TWA is estimated to have an age of only 8-10 Myr, it 
is clear that dust destruction mechanisms near the stel- 
lar primary, such as planet building and the Poynting- 
Robertson effect, can become dominant or are possibly 
even com pleted early in the formation of the se systems 
(see, e.g.. lStrom. Edwards. &: Skrutskidll993l and refer- 
ences therein). In fact, recent 3.6-24 /im Spitzer results 
for more distant stellar associations and clusters, ranging 
in age from ~2 12 Myr, begin to chronicle the rapid evo- 
lution of the inner dust dis k fe.g..lHartmann et al.ll2005t 
ISicilia-Aguila.r. et a,l.ll2006ULada et 3,1.1120061^ 

We have used Spitzer to survey 112 stars that are close 
enough to Earth that their distances have been measured 
by the Hipparcos Satellite and exhibit s ome evidence that 
they are younger than ~40 Myr old. lLow et aTl i[2005fi 
summarize the general selection criteria for this sample. 
In this Letter we identify 18 stars in the sample that 
have been detected at 70 /im. Three of the detections 
are consistent with the level of emission expected from 
the stellar photosphere. Most of the remaining 15 sys- 
tems show substantial IR excesses, identifying them as 
containing circumstellar material with T < 150 K. 

2. OBSERVATIONS AND RESULTS 

Photometry at 24 /im and 70 /im of 112 stars within 
^100 pc of the Sun was acquired using the Multi-band 
Imag ing Photometer for Spitzer (MIPS; Rie ke et alJ 
2004). The obse rvations and red uctions closely follow 
those described in lLow et" ID {2005). All of the 70 /im ob- 
servations were made using the wide-field, default scale 
observing mode. Since publication of the MIPS obser- 
vations of the TWA, the photometric calibration con- 
version factors for the MIPS bandpasses have been up- 
dated. For the current study, we use these revised fac- 
tors, which are: 1.05 (±0.04) xl0~ 3 mJy arcsec" 2 DU^ 1 
and 16.5 (±1.2) mJy arcsec -2 DV ~ X for the 24 /im 
and 70 /im bandpasses, respectively (Engclbracht 2006), 
where 1 mJy = 10~ 26 erg cm~ 2 s" 1 Hz" 1 and a data 
unit (DU) is the instrumental output produced by the 
MIPS "Data Analysis Tool" (DAT) reduction pipeline 
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(jGordon et alJ2005jl . Uncertainties quoted for the MIPS 
photometry include both the measurement precision and 
the uncertainties in the photometric calibration factors. 

Nineteen of 112 stars in the sample have 70 /jm detec- 
tions with signal-to-noise ratios (S/N)> 5, where S/N 
is the measurement precision defined by the signal mea- 
sured from the object divided by the noise (per pixel) in 
the background annulus, scaled to the photometric aper- 
ture. The 24 /im and 70 /im flux density measurements 
for 18 of these stars are summarized in Table 1. The 
Spitzer observations of HD 181327, a suspected member 
of the Tucanae Association having an IR excess previ- 
ously detected by IRAS, are reported in lSchneider et all 
(2006). Also listed in Table 1 is the 70 /im detection 
S/N. All 18 stars have a detection S/N > 100 at 24 /an 
and the listed photometric uncertainties are dominated 
by the uncertainty in the flux calibration factor for this 
bandpass. 

Figure 1 plots a color-color diagram of the stars that 
shows the range in the strengths of IR emission at both 
24 /im and 70 /im. Except for the IR excess identifie d 
previously by IRAS for HD 3003 l|Whitelock et al.ll989|) . 
there is little evidence for excess IR emission at 24 /im 
for the sample. For comparison, we include the p revious 
results for TWA 7 in Figure 1 l)Low et al.ll2005|) . This 
star exhibits a 24 /im emission excess that accounts for 
^40% of the total measured 24 /im flux density. Even 
an excess this small produces a much larger -F-M^m/ 'Fk s 
than is observed for all of the stars included in Figure 1 
except for HD 3003. Indeed, the remaining 17 systems 
are located comfortably between the high-temperature 
Ray leigh- Jeans limit for F2i flm / ' Fk s and the flux density 
ratio expected from a stellar photosphere with T e ff = 
3000 K. 

There is a possibility at 70 /xm that flux from extra- 
galactic sources also falls within the 70"-diameter cir- 
cular photometric aperture, thereby resulting in a false 
detection or an overestimation of the far-IR emission 
from a stellar system. B ased on Spitzer 70 /im source 
counts l|Dole et al.ll2004l) . we estimate that for each star 
there is ~ 1% chance that an extragalactic source with 
^Vo/jm > 15 mJy can be found within the aperture. 
Therefore, we can expect a few cases where the mea- 
surements of stars in a sample of over 100 are con- 
fused with background sources. In fact, there is evi- 
dence for at least some contribution by background ob- 
jects to the measured 70 /im flux densities for four stars: 
HD 2884, HD 11507, BD+40°2208, and HD 124498. For 
both BD+40°2208 and HD 124498, there are two faint 
sources within 20" of the stars in the 24 /im images that 
could contribute to the total flux measured at 70 /im. 
The displacement of the centroid of the 70 /im flux by 
about 10" (1 pixel) is consistent with the two back- 
ground sources providing most of the measured flux in- 
stead of BD+40°2208. Although the centroid of the flux 
for HD 124498 is at the expected location on the 70 /im 
array, we cannot rule out the possibility that a fraction 
of the signal is from the sources seen at 24 /im. The cen- 
troid of HD 11507 is offset from the nominal 70 /im array 
location by 3x the ~ 0.3 pixel (rms) deviations observed 
relative to the stars' positions on the 24 /tm detector. In 
this case, the position angle and magnitude of the offset 
is consistent with at least half of the 70 /tm flux com- 
ing from a source apparent at 24 /tm that is ^20" away 



from HD 11507. Likewise, the 70 /tm source measured 
for HD 2884, is displaced from the aperture center by 
about 1 pixel, but there is no corresponding source seen 
at 24 /tm. The values listed in Table 1 for FVo^m for these 
four stars can be considered upper limits because of the 
uncertain contribution by possible background sources. 

In contrast to the lack of strong 24 /tm excesses in 
the sample, only three stars (HD 2885, HD 98230, and 
HD 193924) have measured 70 /tm flux densities that are 
fully consistent with emission from their photospheres. 
The 11 objects that show no evidence for contamination 
of their far-IR photometry by background sources have 
70 /tm emission ranging from ~2-30 times greater than 
expected from a stellar photosphere (Figure 1), imply- 
ing thermal emission from dust residing in circumstel- 
lar disks. The broad-band IR spectra of three systems 
that show a representative range of emission strengths at 
70 /tm are displayed in Figure 2. 

3. DISCUSSION 

Table 2 summarizes the upper limits for the temper- 
ature (Tq) and minimum distance from the stellar pri- 
mary (Rd) of the circumstellar dust detected by Spitzer 
assuming blackbody dust grains in thermal equilibrium 
with the stellar radiation field. Except where noted in 
the table, Tjj is an estimated color temperature based 
on the flux ratio of the excess emission at 24 /tm and 
70 /tm. For most systems, the presence of dust emis- 
sion at 24 /tm is uncertain and we have assigned an ex- 
treme upper limit on the strength of any possible flux 
excess at this wavelength by setting the photospheric 
flux density to the value dictated by the Rayleigh-Jeans 
limit based on the 2MASS if s -band flux density [i.e., 
-Fk^m = (AK s /A24 M m) 2 Fk 3 ; see Figure 1]. The upper 
limit chosen for the 24 /im excess leads to an upper limit 
for the temperature of the emitting material, and in turn, 
a lower limit for the distance from the star of the dust. 

The fraction of 70 /tm excess detections in the overall 
sample is ~10-15% (12-16 of 112 objects). Included in 
our MIPS survey are 22 sta rs believed to be members 
of the Tucanae Association iZuckerman fc Webbl 120001: 
iZuckerman. Song, fc Webhl 120011). Eight of these sys- 
tems, including HD 181327 (Schnei der et al]l2006D and 
HD 2884 (see §2), are detected at 70 /tm, although the 
measurements for HD 2885 and HD 193924 are consistent 
with purely photospheric emission. The Spitzer observa- 
tions also confirm the detection of HD 3003 at 25 /tm 
by IRAS, and this object is the only member of the 
Tucanae Association that shows emission from dust at 
T D > 200 K as suggested by the Spitzer and IRAS 12- 
70 /fm data (see Figure 2). 

Comparison of the results for the ~20-40 Myr Tu- 
canae Association with those for the younger ~8-10 Myr 
TWA shows about a three-fold decrease in the fraction 
of detected 24 /tm excesses for the older systems. 4 The 
Tucanae Association has about the same fraction of de- 
tected emission excesses at 70 /im as seen in the TWA. 
Cold material, however, is detected by Spitzer around 
Tucanae systems having spectral types B-G, not the 
late-type stars that also dominate the membership of the 
TWA. 

4 Both associations have similar mean distance from the Sun, 
d ~ 40-60 pc. 
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Finally, we note that the relative proximity of these 
systems to the Sun, together with the fact that the ob- 
served 70 /im flux excesses reveal relatively cold material, 
imply that it is possible to image the distribution of the 
circumstellar dust in scattered light at optical and near- 
IR wavelengths for many of these objects with current 
high-resolution capabilities. In the last column of Ta- 
ble 2, we list the lower limit for the angular extent of 
the IR-emitting dust. For most systems, the dust is at 
least 0'.'l-0'.'2 from the stars. Indeed, recent Hubble Space 
Telescope observations of HD 181327 using the NICMOS 
and ACS coronographs have revealed the circumstellar 
disk in scattered optical and ne ar-IR light, with pea k 
intensity at ~ 1'.'7 from the star ({Schneider et aLl feOOG). 
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TABLE 1 

Eighteen Stellar Systems Detected at 70 Microns 



Star 


HIP a 


Spectral Type b 


distance (pc) a 


V T a 


K 3 C 


i*24 M m (mJy) 


Fro^m (mJy) 


{S/N) TOfim 


HD 1466 d 


1481 


F8/G0V 


41 ± 1 


7.53 


6.15 


32.9 ± 1.3 


22.4 ± 3.3 


7.7 


HD 2884 d ' e 


2484 


B9V 


43 ± 1 


4.33 


4.48 


101.7 ± 8.6 


56.8 ± 5.2 f 


17.2 


HD 2885 d ' e 


2487 


A2V 


53 ± 13 


4.53 


4.11 


156.1 ± 4.5 


18.5 ± 3.8 


5.2 


HD 3003 d ' e 


2578 


AOV 


46 ± 1 


5.08 


4.99 


223.9 ± 9.0 


62.2 ± 5.1 


22.8 


HD 11507 


8768 


K7 


11.1 ± 0.2 


9.07 


5.18 


67.6 ± 2.7 


24.2 ± 1.9 f 


26.6 


BD+40°2208 


46383 


K5 


32 ± 2 


9.99 


6.62 


18.7 ± 0.8 


27.6 ± 3.0 f 


12.0 


HD 82443 


46843 


KOV 


17.8 ± 0.3 


7.16 


5.12 


72.3 ± 2.9 


29.5 ± 4.4 


7.7 


HD 84075 


47135 


G2V 


63 ± 3 


8.65 


7.16 


12.4 ± 0.5 


34.4 ± 3.7 


12.4 


HD 95650 


53985 


MO 


11.7 ± 0.2 


9.83 


5.69 


44.6 ± 1.8 


14.8 ± 2.9 


5.5 


HD 98230 s 


55203 


F8.5V 


7.3 ± 0.9 


3.79 


2.14 


968.5 ± 38.7 


93.9 ± 10.0 


12.5 


BD+21°2486 e 


63942 


K5 


18.6 ± 0.9 


9.62 


6.04 


34.4 ± 1.4 


44.7 ± 3.9 


18.9 


HD 124498° 


69562 


K4V 


26 ± 5 


10.52 


6.60 


20.8 ± 0.8 


118.4 ± 14.3 f 


44.0 


HD 177171 d - e 


93815 


F7V 


52 ± 2 


5.24 


4.06 


217.4 ± 8.7 


45.1 ± 5.5 


10.2 


HD 180134 


94858 


F7V 


46 ± 1 


6.42 


5.10 


63.8 ± 2.7 


16.2 ± 3.4 


5.1 


HD 192263°- s 


99711 


K2V 


19.9 ± 0.4 


7.88 


5.54 


40.8 ± 1.6 


28.7 ± 2.9 


13.7 


HD 193924 d ' e 


100751 


B2IV 


56 ± 2 


1.90 


2.48 


628.5 ± 25.1 


63.5 ± 6.5 


13.5 


HD 202917 d 


105388 


G5V 


46 ± 2 


8.74 


6.91 


20.0 ± 0.8 


35.1 ± 3.8 


12.3 


HD 218340 


114236 


G3V 


57 ± 2 


8.52 


6.95 


11.6 ± 0.5 


32.0 ± 3.5 


11.7 



a Hipparcos des ignations, distances, and visual Tycho (Vr) magnitudes are from the Hipparcos and Tycho Catalogs IPerrvman et al.H997t 
IH0g et al.ll200fj) , 

b Spectral type is quoted from the SIMBAD Astronomical Database. 

c Apparent K s magnitudes are from the Two-Micron All Sky Survey (2MASS) Point Source Catalog. 
d Probable or possible members of the Tucanae Association (Zuckcrman & Webb 2000). 

c Unresolved double stars or spectroscopic binary systems. In each case, the total magnitudes and flux densities are listed for the systems. 
'Possible flux from background sources included within the photometry aperture. These values should be considered upper limits to the 
70 fim flux density possibly detected f rom the stellar syst em. 
g Possible planetary system detected ISantos et aljl2003ll . 



TABLE 2 

Properties of the Circumstellar Dust 



Star 


T D (K) a 


Rd (AU) 


do (") 


HD 1466 


< 115 


> 7.2 


> 0.18 


HD 2884 


< 90 


> 65 


> 1.5 


HD 3003 b 


230 


6.7 


0.14 


HD 11507 


< 135 


> 0.9 


> 0.08 


BD+40°2208 


< 90 


> 4.9 


> 0.15 


HD 82443 


< 130 


> 3.2 


> 0.18 


HD 84075 


< 80 


> 14 


> 0.23 


HD 95650 


< 150 


> 0.5 


> 0.04 


BD+21°2486 


< 95 


> 3.3 


> 0.18 


HD 124498 


< 70 


> 4.1 


> 0.16 


HD 177171 


< 220 


> 7.3 


> 0.14 


HD 180134 


< 145 


> 8.6 


> 0.19 


HD 192263 


< 90 


> 5.2 


> 0.26 


HD 202917 


< 90 


> 7.4 


> 0.16 


HD 218340 


< 70 


> 17 


> 0.31 



a The limit for To is calculated from the IR excess measured 
at 70 fim and a conservative upper limit for the excess at 
24 pim (see text). 

b The listed To is based on a Planck function fit to the 
Spitzer photometry corrected for the contribution by the 
stellar photosphere. 
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Fig. 1. — MIPS photometry compared to the 2MASS .ft's-band measurements of the stellar sample. The dashed lines represent the 
i 7 24 Mm -to-i ? xs and F70um-to-_F24(jm flux density ratios in the limit where the photometric bands lie along the Rayleigh-Jeans tail of the 
stellar spectrum. This is a poor approximation in the case of i<24/jm/ Fks f° r most stars and, therefore, the ratios based on photospheric 
models for T e ff = 3000 K and 4000 K are also shown. Triangles represent upper limits to -F70/jm for four stars that are likely to 
include flux from background sources in the measurements of Fro^m (see §2). 




Fig. 2. — Broad-band IR spectra of three objects detected at 70 ^m. Spitzer and 2MASS photometry is repre sented by filled sym bols, 
and IRAS measurements are shown as open symbols. The IRAS data are from the IRAS Faint Source Catalog IMoshir et al.|[l992l) and 
are color corre cted unless the displayed point represents an upper limit to the flux density (arrows). Also shown is a photospheric model 
IKurucgll979l) for each star that is based on the 2MASS photometry and the stellar spectral type. HD 218340 has one of the largest 70 /iin 
excesses in the sample, whereas the IR emission from HD 98230 is dominated by the stellar photosphere out to 70 (im. For clarity, the 
spectrum for HD 3003 has been scaled by a factor of 1000, so for this object, the flux density is in units of milli-Janskys. 



